Establishing preadipocyte cell lines from mature adipose tissues could help lead to a better understanding of adipogenesis. We have established a unique preadipocyte cell line, AP-18, derived from the subepidermal layer of ear skin from an adult C3H/HeM mouse. AP-18 cells exhibit fibroblast-like morphology, slow growth, and contact inhibition. The doubling time of AP-18 cells is 50-60 h, which is about 2-fold longer than that of well-known 3T3-L1 cells derived from mouse embryos. A small population of AP-18 cells spontaneously differentiates into adipocytes by 8 days after confluence, as judged by the accumulation of triglyceride droplets. Treatment of confluent AP-18 preadipocytes with adipogenic agents, containing dexamethasone, 3-methyl-1-isobutylxanthine, and insulin, increased triglyceride contents about 5-fold compared to the contents in untreated cells. We also analyzed mRNA expression profiles for key transcription factors involved in adipocyte differentiation, peroxisome proliferator-activated receptor (PPAR)γ and the CCAAT/enhancer binding protein (C/EBP) family, and for differentiation markers, aP2, adipocyte-specific fatty acid-binding protein and adipsin, adipocyte-specific serine protease. AP-18 preadipocytes express mRNAs for C/EBPβ , C/EBPα , PPARγ , and aP2 before differentiation, but not adipsin mRNA. Expression of aP2 mRNA was increased in fully differentiated AP-18 cells. Likewise, expression of adipsin mRNA was increased after induced differentiation of AP-18 cells and reached the highest level in fully differentiated adipocytes. Thus, differentiation of AP-18 cells is associated with the increased expression of aP2 and adipsin mRNAs. The newly established AP-18 cell line provides a useful model for investigating adipocyte differentiation and adipogenesis.
Confluent preadipocyte cells differentiate into mature fat cells if dexamethasone (DEX) and 3-methyl-1-isobutylxanthine (MIX) are added to culture-medium which has been supplemented with insulin and fetal calf serum (FCS) (Rubin et al. 1978) .
The process of adipocyte differentiation has been the focus of extensive research, and a cascade of transcriptional factors responsible for adipose conversion has been identified. In these adipocyte-differentiation model systems, the expression of CCAAT/enhancer binding protein (C/EBP) β and C/EBPδ is upregulated at an early stage in response to DEX, MIX and insulin (MacDougald and Lane 1995; Darlington et al. 1998) , followed by an increase in C/EBPα and peroxisome proliferator-activated receptor (PPAR) γ expression, which activate or enhance the expression of adipocyte-specific genes including insulin-responsive glucose transporter (Glut 4), fatty acid-binding protein aP2, and stearoyl-CoA desaturase 1 (SCD1) (Spiegelman et al. 1993) . Adipsin is a serine protease whose cDNA was isolated by differential screening of preconfluent and differentiated 3T3L1 cells (Cook et al. 1987) . The phenotype of a mature adipocyte is defined by the expression of adipocyte-specific markers such as adipsin and aP2 (Bernlohr et al. 1984; Cook et al. 1985a Cook et al. , 1985b .
In normal adult animals, preadipocytes isolated from various adipose deposits are considered to have different adipogenetic potentials. Such differences may have major clinical consequence in humans, since visceral adiposity, compared with subcutaneous adiposity, is more strongly linked to insulin resistance, type 2 diabetes, hypertension, and dyslipidemia (Reaven 1988) . In order to analyze the properties of preadipocytes and adipocytes in normal adult tissues, the establishment of preadipocyte cell lines derived from different normal tissues is a necessary step, but few preadipocyte cell lines derived from normal adult tissues have been established up to now. In the present study, we descrive the establishment and characterization of AP-18, a preadipocyte cell line, derived from normal adult subcutaneous fat.
MATERIALS AND METHODS

Animals and reagents
This study was conducted in accordance with the policies of the Institute for Animal Experimentation of the Tohoku University Graduate School of Medicine. C3H/HeNCrlBR female mice were obtained from a pathogen-free colony maintained by Charles River, Yokohama, Japan. Tissue culture agents and TRIzol Reagent were purchased from Invitrogen (Carlsbad, CA, USA 
Cell culture
Epidermal cell suspensions were prepared from mouse ear skin after a 24-hr incubation with 0.5% trypsin in phosphate-buffered saline (PBS) at 4°C. The cells were then plated in 96-well plates in complete RPMI 1640 medium (Invitrogen), containing 5 × 10 -5 M 2-mercaptoethanol, 1 μ g/ml indomethacin, and 1 μ g/ml Con A for 2 weeks and then propagated in medium without Con A and indomethacin for 3 months. After the first subculture, the cells were plated in 12-well plates (Becton Dickinson and Company, Franklin Lakes, NJ, USA) and grown as monolayer cultures in Dulbecco's modified Eagle's medium (DMEM) (Invitrogen) with L-glutamine and 4.5 g/liter glucose, and supplemented with 50 μ g/ml penicillin, 100 μ g/ml streptomycin, and 10% FCS at 37°C under 10% CO 2 /atmosphere. The serum-containing medium (SCM) was replaced every 3 days. Cultures were passaged at varying intervals for the first six months in culture, and regularly every 2 months thereafter. A mouse preadipocyte line, AP-18, was established, and is characterized by the accumulation of lipid droplets when a confluent monolayer is formed. The AP-18 clone was selected on the basis of efficient contact inhibition and a high frequency of differentiation into adipose cells at the confluent or resting stage. Cells were judged as confluent when no intercellular space or cell division could be observed under phase-contrast microscopy. When 2.5 × 10 4 cells were plated in one well of 12-well plate, they grew into a confluent monolayer in 7 to10 days. The day when preadipocyte cells reached confluence was defined as day 0 for the adipocyte differentiation in vitro model. On day 0, AP-18 cells were induced to differentiate using previously decribed methods (Student et al. 1980) . Briefly, the cells were cultured in SCM containing 1 μ M DEX, 0.5 mM MIX, and 5 μ g/ml insulin (DMI) from day 0 to day 2. After these 2 days, the medium was replaced with fresh SCM with insulin every 3 days during the experimental period ( Fig. 1) .
Determination of cellular triglyceride content TG accumulation was measured by an organic extraction method previously described (Schwartz 1984) . AP-18 cells in 60-mm culture plates were washed once with sterile phosphate-buffered saline and detached from the plates with 0.05% trypsin-EDTA. The cell suspension was sonicated for 10 min at 4°C and assayed for cellular TG content. Lipid was extracted and purified using the method of Folch et al. (1957) . Cellular TG content was determined enzymatically using the Triglyceride E test (Wako Chemicals).
RNA preparation and northern blot analysis
To prepare RNA for northern blotting, cells were harvested at days 0, 2, 8 and 20 during adipocyte differentiation. Total RNA was isolated from cultured preadipocytes using TRIzol Reagent. Homogenized samples in TRIzol Reagent were separated by adding 0.5 ml chloroform. After centrifugation, the aqueous phase containing RNA was removed, and the RNA was precipitated with isopropanol. After washing with 80% ethanol, the RNA was solubilized in diethylpyrocarbonate-treated water. The RNA concentration was determined using UV absorbance: 260 : 280 ratios ranged from 1.8-2.0. Total RNA (25 μ g) was fractionated by electrophoresis on 1.0% agarose gels in 1.1 M formaldehyde, and then transferred onto a ZetaProbe membrane. Membranes were prehybridized in hybridization buffer (25% formaldehyde, 0.6 M NaCl, 7 mM Tris-HCl, pH 7.5, 0.6 × Denhardt's solution, 0.0002% heat-denatured, sonicated salmon sperm DNA) for 30 min at 42°C and then hybridized with [α -32P] deoxy-CTP-radiolabeled DNA probes for 16 hr at 42°C using a random primed labeling kit. The membranes were washed for 1.5 hr with three changes of wash solution (2 × SSC, 0.2 × SCC, 0.2 × SCC, 42°C). The blots were usually exposed with an intensifying screen to Fuji RX film (Fuji Photo Film Co., Ltd., Tokyo) for 1-3 days at -80°C. Bands in the autoradiographic film of the probed membrane were densitometrically quantified and normalized using GAPDH as a control. cDNA was prepared by reverse transcription-polymerase chain reaction (PCR) using Superscript system 4 cells) were plated into 12-well plates on day -10, and grown in serum-containing medium (SCM). The day when preadipocyte cells reached confluence was defined as day 0 of adipocyte differentiation. On day 0, confluent cells were induced to differentiate by supplementing SCM with 1 μ M DEX, 0.5 mM MIX and 5 μ g/ml insulin (DMI) from day 0 to day 2. After 2 days, the supplemented medium was replaced with fresh SCM supplemented with insulin every third day during the experimental period.
(Invitrogen). The resulting cDNAs were amplified using sequence-specific primers with 30 cycles PCR (94°C for 1 min, 58°C for 1 min, and 72°C for 1 min). Primers corresponding to aP2, adipsin, PPARγ , C/EBPα and C/EBPβ , were designed based on the published sequences, as follows: 5´-GATGCCTTTGTGGGAACC-3´ and 5´-AACTCTTGTGGAAGTCACG-3´ for aP2 (Layne et al. 2001 ), 5´-ATGACGACTCTGTGCAGGTG-3´ and 5´-GTATAGACGCCCGGCTTTTT-3´ for adipsin (Felmer et al. 2003) , 5´-CCAGAGCATGGTGCCTTCGC TG-3´ and 5´-GAGCTGACCCAATGGTTGCTG-3´ for PPARγ , 5´-AGGTGCTGGAGTTGACCAGT-3´ and 5´-CAGCCTAGAGATCCAGCGAC-3´ for C/EBPα (Han et al. 2001) , and 5´-GGTTTCGGGACTTGATGCAATC-3´ and 5´-CAACAACCCCGCAGGAACAT-3´ for C/EBPβ (Christy et al. 1991) . Hybridization to mouse cyclophilin and ß-actin probes (Invitrogen) was used as a control for RNA loading and integrity.
RESULTS
Morphological characterization and growth characteristics of AP-18 cells in culture
A homogenous population of preadipocytes was isolated from a culture initiated from the ear skin of a female mouse. As shown in Fig. 2A , exponentially growing AP-18 cells exhibit a fibroblastic appearance with no lipid droplets. Fine projections on the cell surface and occasional intracytoplasmic vacuoles of small size were observed in this cell line under phase contrast microscopy. The doubling time for the cells in SCM was approximately 50 to 60 h, whereas for 3T3-L1 cells the doubling time was approximately 22 h (Negrel et al. 1978) . When AP-18 cells were cultured in SCM, cells grew into confluent monolayers in 7 to 10 days and remained in a contact inhibited resting state for two months (Fig.  2B) . The number of confluent cells per well in the 12-well culture plates was approximately 1 × 10 5 cells and was constant even after 60 days in the wells. Changes in cell morphology were observed on days 14 to 20 after confluence. Cells showed a round shape and accumulated lipid droplets in their cytoplasm. When AP-18 cells were cultured for 20 days after confluence without adipogenic stimulation, only 10-20% of the cells in each well underwent differentiation into mature fat cells (Fig. 2C) . The number of cells spontaneously differentiating into adipocytes, as well as the level and intensity of lipid deposition, was observed to vary slightly in each well.
Effects of isobuthylmethylxantine, dexamethasone and insulin on AP-18 preadipocyte differentiation
In order to determine whether AP-18 cells are able to differentiate into adipocytes following adipogenic stimulation, we analyzed morphological changes and of TG content in the cell cytoplasm. Beginning on day 0 after reaching confluence, treatment of AP-18 cells for 2 days with DMI resulted in an increased number of lipid-accumulating adipocytes on day 20 (Fig. 2D) .
A concomitant increase in average TG content was observed in AP-18 cells when stimulated by adipogenic stimulation. The level of TG content in the stimulated cells was more than five-fold higher than that seen in the control cells cultured in SCM (Fig. 3) .
Expression of preadipocyte and adipocyte markers
In order to determine whether AP-18 preadipocyte cells express C/EBPβ , C/EBPα and PPARγ before adipocyte differentiation, we investigated the expression of these transcription factors in AP-18 cells cultured in SCM without adipogenic agents (Fig. 4) . Expression of C/EBPβ , C/EBPα , and PPARγ mRNAs was detected on day 0, and maintained at similar levels for up to 8 days. To explore whether the differentiation of AP-18 cells into adipocytes is associated with the transcriptional activation of adipocyte-specific genes, including aP2 and adipsin, we examined the time course of expression of these two mRNAs (Fig. 5) . After AP-18 preadipocytes were grown to confluence in SCM, they were divided into two groups. One group of cells was remained in culture in SCM. Another group of cells was cultured for 2 days in the differentiation medium containing DMI and then maintained in SCM with insulin. In both the untreated and DMItreated cells, the expression of aP2 mRNA was detected on 0 day, remained unchanged for up to 8 days, and rose to a plateau level on 20 days. In contrast, adipsin mRNA was undetectable in AP-18 preadipocytes cultured in SCM, and became detectable after 8 days of confluence. By 20 days, adipsin mRNA increased to a higher level, which may reflect spontaneous differentiation of AP-18 cells to adipocytes in SCM (see Figs. 2 and  3) . In contrast, the addition of DMI led to the early appearance of adipsin mRNA on day 2, and to the highest adipsin expression in fully differentiated AP-18 cells on day 20.
DISCUSSION
In this study, we describe the establishment and characterization of a unique preadipocyte clonal cell line, AP-18, from the skin of a female adult mouse. To date, the AP-18 cells have undergone more than 60 passages and have shown no detectable changes under regular culture conditions. AP-18 cells, like other preadipocyte cell lines, stop proliferating when they form a confluent monolayer, and remain in a resting or contactinhibited state with no signs of growth for a long period. In cultures where cells remained confluent for several weeks in SCM, a small population of AP-18 cells began to accumulate lipid droplets spontaneously in their cytoplasm, even in the absence of adipogenic stimulation. Although cells from the AP-18 clonal line which convert to adipocytes with a high frequency were isolated from uncloned AP-18 stock, the original AP-18 culture contained some cells which accumulated lipid droplets after confluence, and others which did not. A similar potential for adipose cell formation was observed in 3T3-L1 cultures which had been maintained in a confluent state for several weeks in SCM (Green and Meuth 1974) . When the 3T3-L1 cells were exposed to a combination of DEX, MIX and insulin for 2 days (day 0 to day 2), their transition to adipocytes was greatly accelerated (Student et al. 1980) ; lipid droplets fused together in the cells to make several large droplets or a single large central droplet surrounded by a thin rim of cytoplasm in each cell. In AP-18 cells, the accumulation of triglyceride occurred to some extent even in the absence of added insulin, and increased to a greater extent in the presence of Adipocyte differentiation is a complex process involving the expression of a cascade of transcription factors and adipocyte-specific genes. Consistent with earlier studies done in 3T3-L1 cells (Cao et al. 1991) , the mRNA encoding for C/EBPβ was detectable on day 0 in undifferentiated AP-18 cells and was also detected at day 8. Previous studies demonstrate that the expression of C/EBPα is both necessary and sufficient for the differentiation of 3T3-L1 preadipocyte cells into adipocytes Lane 1992, 1994; Hwang et al. 1996) . PPARγ is predominantly expressed in adipose tissue, and is a key transcription factor for adipogenesis, which has been demonstrated by several gain-or loss-of-function experiments (Tontonoz et al. 1994b; Kubota et al. 1999; Rosen et al. 1999) . These transcriptional factors regulating fat cell development were also identified in AP-18 cells. The expression of PPARγ and C/EBPα was not detected in 3T3-L1 cells to prior to their differentiation, and was first detected on day 2 after confluence, and increased levels were observed at day 8, and remained at an unchanged level thereafter (Birkenmeier et al. 1989; Cao et al. 1991; Tontonoz et al. 1994a ). However, these two genes were already detected in AP-18 cells on day 0 after confluence, and did not show increased expression levels after that. The induction of PPARγ and C/EBPα is thought to coordinate the expression of adipocyte-specific genes such as aP2, GLUT4 and SCD1 (Spiegelman et al. 1993) . In AP-18, the early constitutive coexpression of PPARγ and C/EBPα might lead to the induction of expression of aP2 prior to differentiation. Adipsin is found in human plasma and is produced and secreted in vitro by human adipocytes and by differentiated 3T3-L1 cells (Kitagawa et al. 1989; Baldo et al. 1993) , thus making this gene a marker for terminally differentiated adipocytes. Adipsin was not detected in undifferentiated AP-18 cells, however, it was expressed at day
